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Lake records provide insight into the interactions 
between human societies, past climate and the 
natural environment. Maar lake basin fills are key 
sites for paleoenvironmental studies covering the 
Holocene and periods beyond (Negendank and 
Zolitschka, 1993, Augustinus et al., 2012). They also 
could record sedimentary events linked to natural 
hazards specific to volcanic area such as crater 
outburst and limnic eruption (Anzidei et al., 2008, 
Chapron et al., 2010). Lake Pavin (French Massif 
Central, France) located in Western Europe is a 
meromictic maar formed ca. 7,000 years ago 
(Gewelt and Juvigné, 1988, Chapron et al., 2010). 
This lake is almost circular with an area of 44 ha and 
a maximum depth of 92 meters with anoxic waters 
below 60 meters depth. Recent studies on the water 
column confirm the presence of methane and carbon 
dioxide in these anoxic waters (Fig. 1, Busigny et 
al., 2014 and references therein).  
Up to now, few paleoenvironmental studies have 
been made in this lake (Stebich et al., 2005, 
Schettler et al., 2007). Moreover, questions remain 
about the evolution of limnic and trophic status of 
this meromictic maar lake and natural hazards 
associated to it. For these reasons, this study focused 
on sedimentary deposits using geophysical mapping 
techniques (multibeam bathymetry and high-
resolution seismic reflection) and sediment cores 
retrieved both in shallow water environments and 
within anoxic waters in the deep central basin (Fig. 
1). 
Multi-proxies analyses were carried out on 
sediments including X-Ray fluorescence, 
spectrophotometry and organic geochemistry by 
Rock-Eval pyrolysis. Radiocarbon dating has been 
performed both on leaves debris and bulk sediment 
in order to establish the chronology of sedimentary 
deposits (Blaauw, 2010). 
Results report gas-rich sediments consisting 
primarily of diatoms, deposited in three sedimentary 
environments: a littoral area, a plateau clipped by a 
landslide scar in the northern part of the lake and a 
flat central basin surrounded by steep slopes 
(Chapron et al., 2010, 2012).  
 
 
 
Fig. 1 – Geomorphological and bathymetric map of Lake 
Pavin and its catchment 
 
In the central basin (Fig. 1), a 14 m long piston 
core was retrieved, covering the last 7,000 years. 
The sediment is composed of volcano-clastic 
materials covered by in-situ diatom-made sediment, 
interrupted by a massive unit resulting from a 
MWD. This event has been dated to ca. AD 1300 
and corresponds to a fresh slide scar identified at the 
edge of the plateau (Chapron et al., 2010, 2012).  
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Throughout this core, changes in mineral and 
organic content reflects evolution in the trophic 
status of the lake from its origin to the present day, 
with a gradual transition from a young lacustrine 
system fed by clastic material toward an organic-rich  
maar with strong algal supplies. Results also show 
major differences in organic and inorganic content 
once the MWD occurred, highlighting its impact on 
the limnological evolution. 
On the plateau (Fig. 1), acoustic mapping and 
sedimentary analyses indicates a MWD deposit 
surrounded by diatomites. This MWD is dated 
around AD 600 and may have been caused by a 
crater outburst that was followed by a water-level 
drop in the lake and a catastrophic flood in the 
valley downstream.  
On the littoral environment, which consist of 
brownish sediments (Fig. 1), two erosive layers 
made of sand and/or leaves have been correlated to 
previously mentioned events (AD 600 and AD 1300) 
and have been deposited after wave-induced erosion 
of the lake shores. The major lake-level drop is also 
confirmed by (1) sedimentological evidences for a 
crater outburst flood downstream in the valley and 
(2) shifts in sedimentary organic matter composition 
after AD 600 within the entire lake. 
Finally, this study underlines the impact of 
MWD on limnology. Even if the triggers of these 
major events remain unclear at this date, this work 
underlines their key-role on the trophic status 
evolution of maar Lake Pavin during the late 
Holocene. It also illustrates the instability of such 
gas-rich sediments, which can be easily reworked 
under climatic and tectonic trigger. Because 
catastrophic phenomena such as limnic eruption can 
occur into meromictic maar lakes, further 
evaluations have to be made to define the role of 
gravitational processes on natural hazards linked to 
these peculiar environments.   
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